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ENGINE GENERATOR 

BACKGROUND OF THE INVENTION 

Field of the Invention 
5 The invention relates to an engine generator, and more 

particularly, to an engine generator which uses a generator driven 
by an engine as an engine starting electric motor. 
Description of the Related Art 

An engine generator has diffused into widespread practice as 
10 a power supply device for various kinds of uses such as portable 
use and emergency one. In recent years, an engine generator has 
been also used as an engine starting electric motor, especially, 
responding to a demand for smaller size and reduction in the number 
of components . 

15 If the alternating current (AC) output of the engine generator 

is, for example, 100 V AC when an engine generator is also used 
as an engine starting electric motor, a direct current power supply 
(high voltage battery) of about 14 0 V is required to drive the 
generator as an engine starting electric motor, because an output 

20 of 140 V or more is required as a peak value of the generator itself. 

Moreover, generally, agenerator output circuit andan electric 
motor starting circuit are separately provided and those circuits 
are used by switching for operation as a generator and as an electric 
motor in order to operate the generator as an electric motor when 

25 an engine is started and as a generator after the engine is started. 

An engine generator, in which a generator output circuit is 
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also used as an electric motor starting circuit, has been proposed. 
For example, an engine generator has been proposed in the Japanese 
Patent Application Laid-open No. H5-292799 . According to the engine 
generator comprising an AC generator connected to an engine, a power 
5 conversion equipment with an electronic power rectifier and an 
electronic power inverter , and a battery for engine starting, wherein 
inverter operation of the electronic power rectifier is executed, 
using the battery as a power supply, when the engine is started, 
and an electric motor operation of the AC generator is performed, 

10 the cost for the electronic power rectifier is reducedby the rectifier 
comprising a half bridge circuit. 

However, in a previous engine generator , a high voltage battery 
with a capacity of more than the output of the generator is required 
as described above in order to drive the generator as an engine 

15 starting electric motor . But the high voltage battery is expensive . 
Moreover, the engine generator in which a generator output circuit 
and an electric motor starting circuit are separately provided has 
not met the demand for smaller size and reduction in the number 
of components . 

20 Though the number of components can be reduced in the previous 

engine generator, in which the generator output circuit is also 
used as the electric motor starting circuit as proposed in the 
above-described publication, there has been a problem that separate 
switching of wiring connection for operation as an electric motor 

25 (when an engine is started) and as a generator is required to make 
the configuration and the control complex, because a part of an 
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inverter for obtaining AC output, or a reactor on its output side 
is used as a converter for step up of voltage. 

SUMMARY OF THE INVENTION 
5 The object of the present invention is to solve the above problem, 

and to provide an engine generator, sufficiently meeting a demand 
for smaller size, reduction in the number of components, a simple 
configuration and easy control. 

In order to accomplish the object, a first aspect of the present 

10 invention is an engine generator comprising a generator connected 
to an engine, a rectifier circuit which rectifies the output of 
the generator, and an inverter in which the output of the rectifier 
circuit is converted into AC power of a predetermined frequency 
for output, wherein the generator is a dual-purpose generator both 

15 for a generator function and for an electric motor function, a drive 
inverter circuit which drives the dual -purpose generator as an engine 
starting electric motor is provided, the rectifier circuit comprises 
rectifying elements which are provided in parallel with each 
switching element of the drive inverter circuit, a DC-DC converter, 

20 in which a low DC voltage on a primary side and a high DC voltage 
on a secondary side are set for the output- terminal side of the 
battery and the output side of the rectifier circuit, respectively, 
is provided between the output side of the rectifier circuit and 
the output terminal of a battery, and the dual-purpose generator 

25 is driven as an engine starting electric motor, using the battery 
as a power supply, when the engine is started. 
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A second aspect of the present invention is the engine generator, 
wherein a regulator which controls an input voltage to the inverter 
is provided on the output side of the rectifier circuit, and the 
secondary side of the DC-DC converter is connected between the 
5 rectifier circuit and the regulator. 

A third aspect of the present invention is the engine generator, 
wherein the DC-DC converter is a two-way DC-DC converter. 

A fourth aspect of the present invention is the engine generator, 
wherein the two-way DC-DC converter comprises: a terminal for a 

10 low-voltage side; a terminal for a high-voltage side; a transformer 
including a winding wire for the low-voltage side and a winding 
wire for the high- voltage side; a switching element for the 
low-voltage side inserted between the terminal for the low-voltage 
side and the winding wire for the low- voltage side; a switching 

15 element for the high-voltage side inserted between the terminal 
for the high-voltage side and the winding wire for the high-voltage 
side; a rectifying element for the low- voltage side connected in 
parallel with the switching element for the low-voltage side; a 
rectifying element for the high-voltage side connected in parallel 

20 with the switching element for the high- voltage side, and a control 
circuit which controls the switching element for the low-voltage 
side and the switching element for the high-voltage side. 

According to a first aspect of the present invention, a simple 
circuit configuration and easy control is realized because the 

25 generator output circuit and the electric motor starting circuit 
are not required separately to be provided and separate switching 
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of wiring connection for operation as an electric motor and as a 
generator is not required. 

And, according to a second aspect of the present invention, 
it is possible not to apply a high voltage from a DC-DC converter 
5 to an inverter. Accordingly, since a high withstand voltage is not 
required, only a cheap inverter with a simple configuration is 
required. 

Moreover, according to a third aspect of the present invention, 
a battery is able to be charged, or electric power can be derived 

10 from the battery according to the output voltage of a rectifier 
circuit at operation after an engine is started. Thereby, even when 
the output of a generator becomes insufficient due to a temporary 
increase in the load, it is possible to replenish the deficiency 
by the electric power from the battery. 

15 In addition, according to a fourth aspect of the present 

invention, a simple configuration for the DC-DC converter can be 
realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

2 0 Fig . 1 i s a block diagram showing a concept of an engine generator 

according to the present invention; and 

Fig. 2 is a circuit diagram showing a circuit realizing one 
embodiment of the engine generator according to the present 
invention . 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be explained in detail , 
referring to drawings. Fig. 1 is a block diagram showing a concept 
of an engine generator according to the present invention. In the 
5 drawing, a generator 1 is connected to an engine 2. The generator 
1 comprises, for example, a three-phase multipolar magnet generator 
and is a dual-purpose generator both for a generator function and 
for an electric motor function, which can be also operated as an 
electric motor. 

10 A rectifier circuit 3 comprising a bridged rectifying element 

rectifies the output of the generator 1. Moreover, switching 
elements such as field effect transistors (FETs) are connected in 
parallel with each rectifying element in the rectifier circuit 3. 
These switching elements form a drive inverter by which a DC voltage 

15 is converted into a three-phase AC voltage by ON - OFF control of 
the switching elements for application to the generator 1. Here, 
the rectifying elements forming the rectifier circuit 3 may be a 
parasitic diode of the switching elements such as FET, or a joint 
diode which is separately connected. An inverter 4 converts the 

20 output of the rectifier circuit 3 into AC power of a predetermined 
frequency for output . 

In a DC-DC converter 5, the voltage of a battery 6 is step 
upped by driving a switching element for the battery side, and the 
step-upped voltage is applied to the output side of a rectifier 

25 circuit 3. Hereinafter, the side of the battery and that of a 
rectifier circuit 3 in the DC-DC converter 5 will be called as a 
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primary side, and a secondary side, respectively. The battery 6 
is, for example, a 12 V battery which has been generally used for 
a self starter. 

Then, operations in Fig. 1 will be explained. In the first 
5 place, the DC-DC converter 5 is driven in such a way that power 
conversion is executed from the primary side to the secondary side 
when the engine 2 is started. This is achieved by driving a switching 
element on the primary side of the DC-DC converter 5 and by rectifying 
the output induced on the secondary side. The DC voltage of the 

10 battery 6 , which has been step-uppedby the above -described operation, 
is applied to the drive inverter (rectifier circuit) 3. The DC 
voltage is converted into a three-phase AC voltage by ON - OFF control 
of the switching element of the drive inverter 3 driven by a starting 
command of the engine 2 for application to the generator 1 . Thereby, 

15 the generator 1 is started as an engine starting electric motor. 

When the engine 2 is started, the generator 1 is driven by 
the engine 2 to stop the switching operation of the drive inverter 
3 . The output of the generator 1 is rectified through the rectifier 
circuit (not operated as an inverter) 3 and is converted into AC 

2 0 power of a predetermined frequency in an inverter 4 for output . 

If the DC-DC converter 6 is a two-way DC-DC converter, the 
battery 6 can be charged by the output of the rectifier circuit 
3 because the DC-DC converter 5 is connected to the output side 
of the rectifier circuit 3 . That is, the DC-DC converter 6 is driven 

25 in such a way that power conversion is executed from the secondary 
side to the primary side when the output of the generator 1 is enough 
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and the voltage of the battery 6 is reduced. Thereby, the battery 
6 can be charged by the reduced voltage - 

Moreover, if the DC-DC converter 6 is a two-way DC-DC converter 
and the primary side and the secondary side are driven in full 
5 synchronization with each other, that is, by the same drive signal, 
automatic power exchange can be executed by relative difference 
in the voltage between the primary side and the secondary side caused 
by the turns ratio of a transformer. 

Fig. 2 is a circuit diagram showing a circuit realizing one 
10 embodiment of the engine generator according to the present invention, 
and the same parts as or parts similar to those previously described 
with reference to Fig. 1 are denoted by the same reference numbers 
as those in Fig. 1. The three-phase generator 1 is connected to 
an engine (not shown) . The output side of the generator 1 is connected 
15 to the drive inverter. The drive inverter has a configuration in 
which, for example, six switching elements (hereinafter, called 
as FETs) , such as FETs, 3-1 through 3-6 are bridged. 

Rectifying elements such as a diode are connected in parallel 
with each FET 3-1 through 3-6. The rectifying elements may be a 
20 parasitic diode of FETs , or a joint diode which is separately connected, 
and the rectifier circuit 3 comprises the rectifying elements. 

The output side of the rectifier circuit 3 is connected to 
the inverter 4 through a smoothing and regulating circuit 7 which 
can comprise a regulator. The inverter 4 has a configuration in 
25 which, for example, four FETs 4-1 through 4-4 are bridged. 

A node between the rectifier circuit 3 and the smoothing and 
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regulating circuit 7 is connected to the secondary side of the DC-DC 
converter 5 and the primary side of the DC-DC converter 5 is connected 
to, for example, the battery 6 of 12 V. 

In this embodiment, the DC-DC converter 5 is a two-way DC-DC 
5 converter and is provided for two-way exchange of electric power 
between the output of the battery 6 and that of the rectifier circuit 
3, and the DC-DC converter 5 comprises a transformer 5-1 provided 
with a winding wire 5-1-1 for the low- voltage side as the primary 
side and a winding wire 5-1-2 for the high-voltage side as the 

10 secondary side. The step-up voltage ratio of the two-way DC-DC 
converter 5 is defined by the turns ratio between the winding wire 
5-1-1 for the low-voltage side and the winding wire 5-1-2 for the 
high- voltage side . 

A switching section 5-2 for the lower voltage side and a 

15 switching section 5-3 for the higher voltage side are provided on 
the side of the winding wire 5-1-1 for the low- voltage side and 
the side of the winding wire 5-1-2 for the high-voltage side, 
respectively- The switching section 5-2 for the lower voltage side 
has a configuration in which, for example, four FETs 5-2-1 through 

20 5-2-4 are bridged, and, similarly, the switching section 5-3 for 
the higher voltage side comprises four FETs 5-3-1 through 5-3-4. 

Rectifying elements such as a diode are connected in parallel 
with each FET 5-2-1 through 5-2-4, and 5-3-1 through 5-3-4 in the 
switching section 5-2 for the lower voltage side and the switching 

25 section 5-3 for the higher voltage side, respectively. The 

rectifying elements may be a parasitic diode of FETs, or a joint 
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diode which is separately connected. Assuming that the rectifying 
elements which have been connected in parallel could be treated 
as one unit, the switching section 5-2 for the lower voltage side 
and the switching section 5-3 for the higher voltage side could 
5 be considered to be a switching and rectifying section, respectively. 

An LC resonant circuit 5-4 is provided on the side of the winding 
wire 5-1-2 for the high- voltage side of the transformer 5-1. An 
LC resonant circuit 5-4 has a function by which a current which 
flows when at least one of the switching section 5-2 for the lower 

10 voltage side and the switching section 5-3 for the higher voltage 
side is driven is changed to a sinusoidal current, and switching 
losses are reduced, and destruction of FETs by a large current are 
prevented. The reason is that ON - OFF control of FETs can be executed 
approximately at a point crossing the zero level of the sinusoidal 

15 current. 

Switching control of FETs 5-2-1 through 5-2-4 in the switching 
section 5-2 for the lower voltage side and FETs 5-3-1 through 5-3-4 
in the switching section 5-3 for the higher voltage side is executed 
by a control circuit (not shown) comprising a CPU and the like. 

20 Here, capacitors 7, 8 connected to the primary side and the secondary 
side, respectively, are a capacitor for output smoothing. 

Subsequently, operations in Fig. 2 will be explained. In the 
first place, a switching section 5-2 for the lower voltage side 
in the DC-DC converter 5 is driven when the engine is started. The 

25 DC voltage of the battery 6, which has been step-upped by the 
above-described operation, is applied to the drive inverter 
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(rectifier circuit) 3 . Since the drive mode of the switching section 
5-2 for the lower voltage side is similar to that of a common DC-DC 
converter, the explanation will be eliminated. The applied DC 
voltage is converted into a three-phase AC voltage by the drive 
5 inverter 3 for application to the generator 1 . Thereby, the generator 
1 is started as an engine starting electric motor. 

When the engine is started, the generator 1 is driven by the 
engine to generate the output, and to stop the switching operation 
of the drive inverter 3. The output of the generator 1 is rectified 

10 in the rectifier circuit (the drive inverter) 3, and smoothed and 
regulated in the smoothing and regulating circuit 7. Furthermore, 
the output is converted into AC power of a predetermined frequency 
in the inverter 4 for output. 

If a switching section 5-3 for the higher voltage side in the 

15 DC-DC converter 5 is driven when the voltage of the battery 6 is 
reduced, the output voltage of the rectifier circuit 3 is reduced 
in the DC-DC converter 5. Thereby, the battery 6 can be charged 
by the reduced voltage. 

Moreover, the switching section 5-2 for the lower voltage side 

20 and the switching section 5-3 for the higher voltage side of the 
DC-DC converter 5 can be driven in full synchronization with each 
other, that is, by the same drive signal, when the generator 1 is 
driven by the engine. Thus, automatic power exchange between the 
side of the rectifier circuit (the drive inverter) 3 and that of 

25 the battery 6 can be executed according to relative difference in 
the voltage between the primary side and the secondary side caused 
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by the turns ratio of the transformer. 

Though the embodiments have been explained as described above, 
various kinds of changes andmodif ications couldbemade . For example, 
in order to drive the generator 1 as an engine starting electric 
5 motor, using the battery 6 as a power supply when the engine is 
started, the DC-DC converter 5 is requiredonly to have a configuration 
in which power conversion is executed from the primary side to the 
secondary side. Moreover, though the regulator in the smoothing 
and regulating circuit 7 is not necessarily required, it is possible 
10 not to apply a high voltage from the DC-DC converter 5 to the inverter 
4, and a high withstand voltage is not required when the regulator 
is provided. Furthermore, an LC resonant circuit 5-4 in the DC-DC 
converter 5 can be provided not in the secondary side, but in the 
primary side. 

15 According to the present invention, a simple circuit 

configuration and easy control is realized because the generator 
output circuit and the electric motor starting circuit are not 
required separately to be provided and separate switching of wiring 
connection for operation as an electric motor and as a generator 

20 is not required, as explained above in detail. 

And, by the configuration in which the DC-DC converter is a 
two-wayDC-DC converter, the battery is able to be charged, or electric 
power can be derived from the battery according to the output voltage 
of the rectifier circuit when an operation is started after the 

25 engine is started. Thereby, even when the output of the generator 
becomes insufficient due to a temporary increase in the load, it 
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is possible to replenish the deficiency by the electric power from 
the battery. 

In addition, there can be provided the engine generator in 
which, while using a battery (12 V) which has been widely used, 
5 for example, for general vehicle use as a power supply without using 
an expensive high voltage battery, the generator output circuit 
and the electric motor starting circuit are not required separately 
to be provided, and, also, the generator and the engine starting 
electric motor are not required separately to be provided. 

10 
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